The mycoplasma strain ST 57 T was isolated from the trachea of a clinically healthy, free-ranging white stork nestling in Nielitz, Mecklenburg-Western Pomerania, Germany. Strain ST 57 T grew in fried-egg-shaped colonies on mycoplasma (SP4) agar plates and was dependent on sterol for growth. The organism fermented glucose and did not hydrolyse arginine or urea. The optimal growth temperature was 37 C, with a temperature range from 23 to 44 C. Strain ST 57 T could not be identified as a representative of any of the currently described mycoplasma species by alignment of the 16S rRNA gene sequence or 16S-23S intergenic transcribed spacer region, or by immunobinding assays. Thus, this organism appears to be a representative of a novel species, for which the name Mycoplasma ciconiae sp. nov. is proposed. The type strain is ST 57 T (=ATCC BAA-2401 T =DSM 25251 T ). Four further strains of this species are included in this description (ST 24=DSM 29908, ST 56 Clone 1=DSM 29054, ST 99=DSM 29909, ST 102=DSM 29010). The prevalence of this mycoplasma species in clinically healthy, white stork nestlings in northern Germany was determined. Our species-specific PCR detected 57.8 % (48/83) of the samples positive for M. ciconiae sp. nov. As this species appears to be widespread in the healthy free-ranging white stork population, we conclude that this species is either apathogenic or an opportunistic pathogen in white storks. †Present address: Veterinary Inspections Office, Landkreis Mecklenburgische Seenplatte, Neubrandenburg, Germany.
Species of the genus Mycoplasma are known in several avian species. While poultry pathogenic mycoplasma species (Mycoplasma gallisepticum, M. synoviae, M. meleagridis, M. iowae) cause significant economic loss in poultry production worldwide, most of avian mycoplasma species are commensal, nonpathogenic or facultatively pathogenic Lierz & Hafez, 2009 ). In raptors (Lierz et al., 2008a) , pigeons (Shimizu et al., 1978) and several waterfowl species (Assunção et al., 2007; Stenkat et al., 2011) , mycoplasma are found regularly in healthy individuals; thus, they are considered to be apathogenic and likely belong to the microbiota of the respiratory tract. In contrast, mycoplasma are absent in healthy individuals of other avian species, e.g. Passeriformes (Möller Palau-Ribes et al., 2012; Whalin 2009 ) and Psittacidae (Lierz & Hafez, 2009 ). In these species, mycoplasma may play a role in respiratory disease, as it is known that mycoplasma can cause severe respiratory symptoms in several avian species (Fischer et al., 1997; Lierz & Hafez, 2009; Mikaelian et al., 2001) . Mycoplasma have occasionally been isolated from diseased or debilitated white storks, but their role in these conditions has not been determined (Spergser & Höfle Hansen, 2009; Su arez-P erez, 2011) . In a previous study, 108 tracheal swabs from healthy white stork nestlings were retrieved during routine ringing procedures in Germany (Mecklenburg-Western Pomerania, Saxony Anhalt, Sachsen, Brandenburg) (Hagen et al., 2004) . From 108 samples, 107 (99.1 %) were positive by Mollicutes-specific PCR (Lierz et al., 2007) . By culture, 83/106 (78.3 %) samples were positive, 21 (19.8 %) were contaminated and two were negative (Hagen et al., 2004) . Some cultures showed an acidifying, others an alkalifying of the medium. Two single colony subcultures (ST 57 T , ST 101) were chosen as representative strains for both groups. Mollicutes-specific PCR based on the 16S rRNA gene (Lierz et al., 2007) and subsequent sequencing revealed that ST 101 had a sequence similarity to Mycoplasma spumans of 98.9 %, but was antigenetically distinct (Möller Palau-Ribes et al., 2012) . All species of the Mycoplasma hominis cluster, except Mycoplasma gypis, had a 16S rRNA sequence similarity greater than 94 % to strain ST 101. A description of this putative species would therefore have included extensive serological testing with rabbit-hyperimmunesera Pettersson et al., 2000) , which were mostly unavailable at the time of this study. Hence, it was decided to not proceed with the description. The 16S rRNA gene sequence of strain ST 57 T had the highest similarity to that of Mycoplasma pullorum (95.4 %). Due to the availability of the necessary rabbit hyperimmune serum and only one additional species, Mycoplasma anatis, with a sequence similarity >94 %, we proceeded with characterization of this strain. Our aim was to describe the mycoplasma strain ST 57 T according to current standards and determine its prevalence in healthy, free-ranging white stork nestlings.
Altogether, 83 mycoplasma cultures from white stork nestlings, stored in SP4 medium at À80 C from our previous study (Hagen et al., 2004) , were cultured in SP4 broth and on agar plates (Bradbury, 1998) and incubated at 37 C with 5 % CO 2 in a humidified environment until colour change of the broth or colony growth on agar to check their viability. All required tests were performed with the type strain ST 57 T . Furthermore, we developed a species-specific PCR and performed a prevalence study based on the above mentioned 83 mycoplasma cultures.
For microscopy, 50 µl of exponential-phase broth culture was fixed with methanol and Gram stained (Barile, 1983) . For ultrastructural studies, colonies from agar plates were suspended in 0.15 M NaCl. Formvar-coated copper grids were then floated for 15 min on drops of the mycoplasma suspensions. The copper grids were dried by lightly touching with filter paper and washed two times in deionized water. Finally, the grids were stained by floating for 1 min on drops of 1 % phosphor-tungstate acid in PBS, and examined with a Zeiss EM 10/CR electron microscope.
Filterability studies were performed with 0.22 µm, 0.45 µm and 0.8 µm membrane filters, c.f.u. being determined before and after filtration (Tully, 1983) . Biochemical tests included sensitivity to digitonin, glucose fermentation and hydrolysis of arginine and urea (Poveda, 1998) . Optimal growth temperature and temperature range were determined at 10, 20, 23, 28, 37, 42, 44 and 46 C (Konai et al., 1996) . Extraction of protein for the production of specific polyclonal rabbit hyperimmune serum against strain ST 57 T was carried out according to the method described by Yavari (2010) . Protein concentration was measured using the bicinchoninic assay (Smith et al., 1985) . Immunization of two New Zealand white rabbits was performed by BioGenes, Berlin, Germany. Protein was mixed with an algae-based adjuvant similar to Freund's Adjuvant. Rabbits were immunized subcutaneously at day 0 with 300 µg of protein and at days 7, 14, 21 and 53 with 100 µg of protein.
Blood was collected at days 0, 35, 46 and 63. Serological studies were assayed by a standard immunobinding technique (Kotani & McGarrity, 1985) using the serum from blood collected at day 63 and a panel of antisera and reference strains listed in Table 1 . For the immunobinding assay (IBA), mycoplasma colonies on agar were transferred to nitrocellulose. The nitrocellulose was treated with specific rabbit antisera against mycoplasma, peroxidase-conjugated goat anti-rabbit immunoglobulin G, 4-chloro-1-naphthol and H 2 O 2 . Purple developed in the presence of specific reactions (Kotani & McGarrity, 1985) .
According to the minimal standards , we included closely related mycoplasma species, as well as species that can potentially be found in the same environment (i.e. trachea of birds). Immunobinding assays were also performed with four isolates from white stork nestlings, ST 24, ST 56 Clone 1, ST 99 and ST 102, which presumably belonged to the same species on the basis of sequencing data.
DNA for PCR was extracted from a mid-exponential-phase culture of the third passage of a clonal isolate of each of ST 57 T , ST 24, ST 56 Clone 1, ST 99 and ST 102. Each broth culture was centrifuged for 45 min at 4000 g at 4 C, and DNA was extracted using a DNeasy Blood & Tissue Kit (Qiagen). A part of the 16S rRNA gene was amplified according to the protocol by van Kuppeveld et al. (1992) modified by Lierz et al. (2007) , the 16S-23S rRNA intergenic transcribed spacer region (16S-23S ITS) was amplified according to the method of Ramírez et al. (2008) . Sequencing was performed with chain-terminating inhibitors (Sanger et al., 1977) with an ABI 3730 XL platform by LGC Genomics, Berlin, Germany. The sequences were compared with archived sequences from the GenBank database using standard nucleotide-nucleotide BLAST searches (http://blast.ncbi.nlm.nih. gov/Blast.cgi). The 16S rRNA and 16S-23S ITS sequences of strain ST 57 T , other species of the genus Mycoplasma and further strains from this study were next included in alignments constructed by a ClustalW algorithm. A bootstrapped maximum-parsimony tree was generated using default search parameters and 1000 bootstrap resamplings (Meg-Align, Lasergene 9.0, GATC Biotech).
DNA was extracted from all 83 mycoplasma cultures as described above and examined with our newly developed species-specific PCR. Specific sequences for primers were identified within the 16S-23S ITS. The software PrimerSelect (Lasergene 9.0, GATC Biotech) was used for primer design. The forward primer was 5¢-acgacatttacaactgactta-3¢, the reverse primer 5¢-aaaaataactcggtaaatca-3¢. DNA amplification was accomplished with an initial denaturation at 95 C for 10 min, then 35 cycles of denaturation at 94 C for 1 min, annealing at 50 C for 1 min and elongation at 72 C for 30 S. A final step of elongation at 72 C for 5 min was followed by cooling at 4 C. PCR amplificates were purified with the GeneJET PCR Purification kit (Thermo Fisher Scientific) according to manufacturer's instructions. Sensitivity of the PCR was tested with serial dilutions of strain ST 57 T (DNA and micro-organism). Specificity of the PCR was tested with the DNA from avian species of the genus Mycoplasma (Table 1) and bacteria frequently isolated in birds (Table 2 ). PCR quality control was performed by sequencing ten randomly selected PCR-amplificates (ST 03, 12, 20, 26, 29, 36, 43, 54, 58 and 68) .
Strain ST 57 T appeared as fried-egg-shaped colonies with faintly determined centres on agar plates after 24 h of incubation ( Fig. 1) .
Light microscopy revealed pleomorphic Gram-stainnegative cells, electron microscopy showed pleomorphic ovoid and flask-shaped, cell-wall-free forms ranging from 0.9 to 1.2 µm in width (Fig. 2) . Filtration of strain ST 57 T was possible with 0.8 µm and 0.45 µm filters but cells did not pass through a 0.22 µm filter. The c.f.u. reduction was one decimal power after filtration with a 0.8 µm filter and 10 6 at 0.45 µm, respectively. Growth was inhibited by digitonin, the zone of inhibition being 6 mm, indicating a biochemical requirement for sterols. Strain ST 57 T fermented glucose and did not hydrolyse arginine or urea.
Optimal growth temperature was 37 C with a temperature range from 23 to 44 C (Table 3) . No growth was observed at 10, 20 or 46 C.
All mycoplasma reference strains tested did not react with antiserum against strain ST 57 T (ST 57 T -antiserum) except Mycoplasma sturni, which showed a faintly positive reaction (Table 1) (Table S2 ). 
Dilutions: 1=1 : 10; 2=1 : 10 2 ; 3=1 : 10 3 , etc.
Sequence similarities of the 16S rRNA gene and the 16S-23S ITS were 100 % between strain ST 57 T and the other isolates tested.
The PCR was specific for the target species with a sensitivity of 3 pg DNA µl À1 and 3 c.f.u. µl À1 . In the prevalence study, 57.8 % (48/83) of the samples were tested positive. Quality control of the PCR by sequencing of ten randomly chosen amplificates confirmed the correct amplification with 100 % similarity to strain ST 57 T (data not shown).
In this study we identified . The 16S-23S ITS has a higher discriminatory power due to higher inter-species sequence variation and hence was chosen to back up the data from 16S rRNA gene sequencing (Ramírez et al., 2008) . Here, the sequence similarity of strain ST 57 T to M. anatis was 70.8 % and to M. pullorum 83.1 %. The 16S rRNA gene sequence of M. anatis was below, while that of M. pullorum was similar to the mean sequence similarity between species of the Synoviae Cluster of 83.05±5.62 % (Volokhov et al., 2012) .
As M. anatis and M. pullorum belong to a monophyletic group with strain ST 57 T on the basis of 16S rRNA gene sequence data, these species had to be differentiated from the putative novel species by a second method, e.g. serology . Both M. anatis and M. pullorum did not react serologically (by IBA) with strain ST 57 T , which in conclusion are distinct species. In contrast, strain ST 57 T showed a faint reaction with M. sturni antiserum. Cross reactions in serological tests are common (Ben Abdelmoumen & Roy, 1995; Firrao & Brown, 2013) . If serology is used as the sole method, there is a high risk of misidentifying mycoplasma in avian species with unknown mycoplasmal flora (Rosengarten & Yogev, 1996) . Putative false positive tests therefore have to be verified by reciprocal testing . The positive reaction with M. sturni in this study was neither confirmed by the reciprocal test (M. sturni Â strain ST 57 T antiserum) nor backed by our sequencing results (16S rRNA gene sequence similarity: 92.3 %). Due to seriously restricted access to specific rabbit hyperimmune sera against several mycoplasma species, unequal potency of existing antisera, the present lack of a recognized collection to receive deposits of new antisera, several cases of serological cross-reactivity between distantly related species, and the subjective nature of qualitative serological analyses, the Subcommittee on the Taxonomy of Mollicutes in 2012 formally agreed to suspend the requirement for serological testing for the description of novel species (Firrao & Brown, 2013) . Based on the results of this study, it is obvious that the organism represents a novel species of the genus Mycoplasma for which the name Mycoplasma ciconiae sp. nov. is proposed.
Only few systematic studies evaluate the occurrence and significance of mycoplasma in wild birds. Most claims for pathogenicity of certain mycoplasma species are based on findings in debilitated or injured birds (Erd elyi et al., 1999; Forsyth et al., 1996) . These birds are readily accessible and the best choice for a first screening (Lierz et al., 2008a) , but they are not representative for the population. Debilitated birds take higher risks while foraging, which improves their chances of getting caught or injured (Wobeser, 2006) . Interpretation of the results is further complicated, as mycoplasma in diseased birds are often found together with other pathogenic organisms (Bezjian & Bezjian, 2014; Pennycott et al., 2005; Strugnell et al., 2011) . The mycoplasma in these cases could therefore be the primary cause, co-infection, secondary infection or an incidental finding. Hence, generalizing these data for an entire avian species is questionable. Furthermore, members of a species of the genus Mycoplasma can cause severe damage in a specific avian species (Ley et al., 2006) , while other avian species show no clinical signs or cannot be infected (Dhondt et al., 2015) .
We chose healthy white stork nestlings, because the gold standard to initially investigate the occurrence of mycoplasma in free-ranging avian species is by genus-specific PCR and culture obtained from healthy individuals representing the population (Lierz et al., 2008a) . With 57.8 % of the nestlings positive, M. ciconiae sp. nov. appears to be widespread in the population. If high prevalences of mycoplasma species in healthy populations are found, they are considered to be apathogenic or commensals (Su arez-P erez 2011). However, in mycoplasma literature, the terms 'apathogenic' and 'commensal' are often used synonymously, making a correct differentiation difficult. High prevalences of mycoplasma were found in different avian species, including Mycoplasma columborale, Mycoplasma columbinasale and Mycoplasma columbinum in pigeons (Shimizu et al., 1978) , Mycoplasma glycophilum in water rail and cormorants (Stenkat et al., 2011) , Mycoplasma cloacale and M. anatis in several duck species (Goldberg et al., 1995) and Mycoplasma spp. in Great White Pelicans (Assunção et al., 2007) . The colonization of healthy raptors with Mycoplasma buteonis, Mycoplasma falconis and M. gypis has been described, although species-related differences in mycoplasma prevalence exist within this group (Lierz et al., 2000 (Lierz et al., , 2002 (Lierz et al., , 2008b Poveda et al., 1994) . Several apathogenic or opportunistically pathogenic mycoplasma are regularly found in poultry (Ben cina et al., 1987; Hoffman et al., 1997; Poveda et al., 1990) . Being widespread in clinically healthy individuals, we conclude that M. ciconiae sp. nov. is not a primary pathogen for white storks. Hence, this organism could be commensal, apathogenic or opportunistically pathogenic for white storks. Obviously in white storks more species are present, as not all of our mycoplasma cultures could be identified as M. ciconiae sp. nov. Additionally, some cultures showed an alkalifying of the liquid medium in contrast to the acidifying M. ciconiae sp. nov. Further studies are needed to reveal the mycoplasmal flora in white storks. 
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